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ABSTRACT
A 29-year-old woman with a left ventricular assist device (LVAD) completed a progressive, symptom-limited cardiac rehabilitation
program consisting of boxing, weight-lifting, and aerobic exercise, where she improved her exercise capacity by 2.7 metabolic
equivalents (P< 0.001) and demonstrated significant myocardial recovery, allowing for successful LVAD explant 9 months after
implantation.
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A
lthough the benefits of cardiac rehabilitation have
been investigated and established in a variety of
acute and chronic cardiovascular diseases, the role
of cardiac rehabilitation in improving functional

myocardial recovery for patients with advanced heart failure
treated with left ventricular assist devices (LVAD) has not
been widely investigated.1–3

CASE DESCRIPTION
A 29-year-old woman with a known congenital defect of

the aortic valve leaflet suffered an acute myocardial infarction
at work requiring venoarterial extracorporeal membrane oxy-
genation support, emergent LVAD implantation, atrial-septal
defect repair, left ventricular and left atrial thrombectomy,
and aortic valve replacement, after which she enrolled in car-
diac rehabilitation. Upon admission, she was unable to toler-
ate traditional baseline exercise tolerance testing due to
persistent symptoms and severe deconditioning. In lieu of
this, a progressive, individualized treatment plan was initi-
ated to help her regain myocardial function and quality
of life.

She was able to tolerate symptom-limited, light-intensity
resistance exercises (�2 metabolic equivalents [METs]),
including light hand-weights, resistance bands, and machine
weights, up to 20minutes with frequent rest breaks and a
rate of perceived exertion (RPE CR-10) of 6, as well as walk-
ing on a padded track (one-third mile) and light-intensity
(3–4 METs) seated bilateral upper-extremity boxing. Her
resting and exercising electrocardiogram was significant for
sinus tachycardia with frequent premature ventricular com-
plexes, and she subjectively reported fatigue, shortness of
breath, lightheadedness, and dizziness during rest and exer-
cise. She experienced several low-flow events with accompa-
nying hypotension (mean arterial pressure �52), nausea, and
vomiting, which resolved with fluids, supine rest, and ulti-
mately adjustment of medication. As she progressed through
the cardiac rehabilitation program, she was able to complete
one-third mile at a jogging pace without rest breaks, perform
standing boxing exercises, and begin more dynamic, moder-
ate-intensity resistance exercises, such as battle ropes and ket-
tlebell exercises (Figure 1).

After completing 36 sessions of cardiac rehabilitation, her
left ventricular ejection fraction recovered from 13% to
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55%, she demonstrated normal filling pressures and an
adequate cardiac index on low LVAD revolutions per minute,
and she subsequently underwent successful LVAD
explantation in September 2019. The LVAD was explanted
via thoracotomy and redo median sternotomy; a redo aortic
valve replacement was performed and the ventriculotomy was
closed using a custom-made synthetic plug. Following surgery,
her left ventricular function remained stable at 50% without
an LVAD and she was discharged home on postoperative day
14, where she completed cardiac rehabilitation again with few
subjective complaints. No post–cardiac rehabilitation measures
were performed due to closures resulting from COVID-19;
however, she was able to return to her level of function prior
to LVAD after successfully completing 11weeks of cardiac
rehabilitation. In addition to her subjective well-being, she
demonstrated impressive functional exercise capacity (METs)
improvement and tolerance for exercise from her first bout of
cardiac rehabilitation (34 sessions, mean ¼ 3.559, standard
deviation ¼ 1.186 METs) to the beginning of her second
bout (33 sessions, mean ¼ 6.315, standard deviation ¼
2.416; P< 0.001, Student’s t test).

DISCUSSION
LVAD implantation is an effective treatment for severe or

end-stage heart failure, traditionally serving as a bridge to heart
transplant or destination therapy for medical management. In
<2% of cases, predominantly in younger patients with
nonischemic cardiomyopathies, evidence of myocardial
recovery encourages weaning of support and explantation of
the device, allowing for an increasingly recognized category of
“bridge to recovery.”1–3 Although LVAD implantation can
improve survival, extensive risks associated with LVAD sup-
port and the potential for a significantly improved quality of
life compared even to those who are subsequently transplanted
support the initiative for aggressive rehabilitation and medical
management in hopes of recovery and explantation.4–6

In the traditional outpatient cardiac rehabilitation setting,
light to moderate aerobic activity is typically prescribed for
patients with LVADs, such as treadmill walking or cycle er-
gometer training, and strength training is modestly prescribed,
if not avoided, with hand weights, elastic bands, and lower-
extremity machine weights.7,8 After LVAD implantation,
this patient hoped to return to her previous recreational
activities; therefore, a progressive, symptom-limited training
program was designed including boxing, resistance exercise,
and track walking. By utilizing the Keep Your Move in the
TubeVR method for active living following sternotomy, the
patient was able to perform upper-extremity resistance exer-
cises based solely on tolerance and symptomology rather
than arbitrary weight and time restrictions.9

After explant, she adhered to the same recommendations,
which allowed her to return quickly and safely to her athletic
endeavors (water skiing, etc.) and subsequently graduate from
cardiac rehabilitation with no related readmissions to date.
Although post-explant cardiac rehabilitation outcomes were
not performed due to COVID-19 closure of outpatient car-
diac rehabilitation centers, her average maximum exercise cap-
acity increased by 2.7 METs (P< 0.001) from her first cardiac
rehabilitation session after LVAD implantation to her first car-
diac rehabilitation session after LVAD explant, which is associ-
ated with significant decreases in all-cause and cardiovascular
morbidity and mortality.10

In conclusion, this case supports the need for aggressive,
symptom-limited rehabilitation in conjunction with medical
management for patients with durable mechanical circulatory
support devices. This 29-year-old LVAD recipient demon-
strated significant myocardial recovery after an acute myocar-
dial infarction through progressive, individualized aerobic
and strength training and was able to demonstrate tremen-
dous recovery in subjective and objective measures of health
and fitness <1 year from the primary event. Although LVAD
explant is rare, the potential for functional recovery as dem-
onstrated in this case supports a progressive rehabilitative
program consisting of symptom-limited resistance and
endurance training for the rehabilitation of LVAD recipients
despite the implant strategy.
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Figure 1. LVAD recipient performing high-intensity resistance exercise in
outpatient cardiac rehabilitation.
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